C hildren with cerebral palsy are commonly re ferred to occupational therapists or speech pathologists due to delays in the development of feeding and speech. These children often drool, which may be considered a disability in itself (Ray, Bundy, & Nelson, 1993) . Jaw stability, lip closure, and spontaneous swallowing are considered prerequisites for the normal development of speech, feeding, and drool control. Although the relationship of oral pat terns needed for eating and speech are only specula tive at this time, the rhythmicity of oral feeding move ments and that of speech production may be related (Morris, 1982a (Morris, , 1982b .
Lip closure and jaw stability develop early in in fancy. By 6 months of age, the child can produce bila bial vocalizations (the forming of the letters p, b, and m). By 36 months of age, the child's jaw stability is nearly fully developed (Morris, 1982a (Morris, , 1982b . Infan tile patterns of swallowing persist until about 18 months of age (Ogg, 1975) . The normal swallow can occur only when the jaw is stable and the mouth is closed (Truesdell & Truesdell, 1937) .
Drooling occurs normally in children under 1 year old (Ogg, 1975) or in children who are teething. Persistent drooling in older children usually signals oral motor dysfunction. Drooling can be a result of (a) poor jaw or body stability that results in inefficient swallowing movements and poor lip closure, (b) major primary problems with the normal patterns of sucking and swallOWing, (c) poor sensory feedback, and (d) teething (considered normal). Drooling does not typically result from a lack of reflexive swallOWing or increased saliva production (Ekedahl, Mannson, & Sanberg, 1978) . The child with a head-forward pos ture and an open mouth has an unstable jaw, lacks lip closure, and often drools. Children with cerebral palsy who drool often have abnormalities in sensa tion. The child may be hyposensitive or hypersensi tive to tactile stimuli, which often results in feeding problems. He or she may not feel or process the sen sory or perceptual cues that would tell a nondis abled child that the mouth is full and that he or she needs to swallow (Morris, 1977a (Morris, , 1977b Mueller, 1972) .
Children who drool may lack the conscious and voluntary transport of saliva to the back of the mouth. This first stage of swallOWing is necessary to produce a reflexive swallow (Ekedahl et aI., 1978) . The child may be using the facial muscles rather than the jaw muscles to bring saliva to the back of the mouth (Tulley, 1956) .
Several studies have shown behavior modifica tion to be useful in decreasing drooling in subjects with cerebral palsy or mental retardation (Drabman, Cordua y Cruz, Ross, & Lynd, 1979; Rapp, 1980; Trott & Maechtlen, 1986) . These techniques, however, were often found to be laborious, time consuming, or inappropriate for toddlers or persons with sensory ab normalities. Additionally, behavior modification pro motes the development of voluntary mouth closure rather than the more normal subconscious automatic process of swallowing.
An external lip halter was used by Nelson, Pen delton, and Edel (1981) to keep the mouth closed and thereby control drooling. This prosthetic device re sulted in a 25% decrease in drooling in 2 of the 4 subjects studied. Koheil, Sochaniwskyj, Bablitch, Kenny, and Milner (1987) used electromyogram auditory feed back to bring swallowing to a cognitive level in chil dren with cerebral palsy. Drooling in 12 children, aged 6 to 18 years (none of whom were severely re tarded), decreased significantly. Although this method may work for persons who are without severe cognitive impairments, it is not likely to help young or severely retarded children.
Occupational therapists frequently use neurolog· ical treatment techniques to decrease drooling and to facilitate normal oral motor patterns. These methods are intended to encourage a subconscious rather than a cognitive response, because the subconscious re sponse is believed to be more normal and well inte grated. These methods are appropriate for the treat ment of young or severely retarded children. For ex ample, McCracken (1978) used vibration, qUick stretch, and icing (Le., the rubbing of an ice cube qUickly over the muscle belly) with 10 subjects with mental retardation, 3 of whom demonstrated a mea surable decrease in drooling. Ray et al. (1983) used techniques described by Morris (1977a Morris ( , 1977b and Mueller (1972 Mueller ( , 1974 to facilitate mouth closure in 1 mentally retarded subject with cerebral palsy. They documented a significant decrease in drooling as well as an increase in vocalizations, thus leading to the speculation that techniques used to facilitate normal feeding patterns may also affect speech devel opment.
Our purpose was to replicate Ray et al.'s (1983) study using a different population to further docu ment the effectiveness of the techniques recom mended by Morris (1977a Morris ( , 1977b and Mueller (1972 Mueller ( , 1974 . Subjects younger than those in previous stud ies were used because toddlers were expected to evi dence a greater response to treatment. Also, because of the relationship observed between jaw control and the ability to vocalize, the present study measured the subjects' vocalizations. We hypothesized that the techniques used to facilitate mouth closure and swal lowing would significantly decrease drooling and in crease the number of bilabial sounds produced.
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Method Subjects Subject 1, aged 2 years 7 months, had cerebral palsy (spastic diplegia) and developmental delays. In creased muscle tone was noted in the upper and lower extremities, but trunk tone appeared to be within normal limits. He was nonambulatory but could creep and sit unsupported. He used some words and understood simple commands. He was hy persensitive to touch on the body and face and inside the mouth. His resting facial tone was increased with the lips retracted and parted. He was able to feed himself with a spoon and was learning to drink from a cup. He ate most foods except those that were chewy or textured (e.g., ground beef, chicken, whole-grain breads and crackers). When eating from a spoon, his lower lip closed on the spoon while his upper lip retracted and he scraped off the food with his upper teeth. Tongue lateralization was present and rotary chewing was emerging. While drinking, Subject 1 formed a partial seal on the rim of the cup; his upper lip retracted and he did not have good control over incoming liqUid. He could close his lips on command.
Subject 2, aged 2 years 11 months, had cerebral palsy (spastic quadriplegia) and developmental delays. He was nonambulatory and could not sit un supported. His head control was minimal. His trunk and upper extremity tone was decreased when at rest, but increased greatly during extensor spasms. Most movements were reflex-based, but gross voluntary head and arm movements were observed. He pro duced occasional nonverbal vocalizations. Due to physical limitations, he could not obey simple com mands, but he seemed to understand some Simple phrases. Tone was decreased in the lips and cheeks. Occasionally, touch to the face or lips elicited a startle reflex, increased postural tone, and pursing of the lips. Minimal mouth closure was seen at rest and dur ing feeding, with occasional tongue and jaw thrusting. He could not close his lips on command. Minimal lip closure was seen on a spoon or cup. Anteroposterior tongue movements and some munching (i.e., vertical chewing pattern without a rotary component) oc curred while eating. No tongue lateralization or rotary chewing was present. Most foods given were pureed. A strong tonic bite reflex was present.
Both subjects had been drooling since infancy and had never been treated for this problem before this study.
Instrumentation
An Ohaus 700 Series! triple balance was used to mea sure the weight of saliva in grams. Test-retest reliabil- ity of the instrument resulted in a coefficient of r = 1.0. A Panasonic RX-5030 2 tape recorder was used to record bilabial vocalizations. Count-recount reliabil ity for the number of vocalizations counted by the examiner (the first author) from the recordings was determined by the percentage of agreement formula, resulting in 95% agreement. A kitchen timer was used to signal the end of each session. The timer was accu rate as compared with a reliable digital clock.
Procedure
This study took place in the kitchens of the subjects' homes, because we believed this to be a natural place for feeding to take place and a familiar environment to the children. Both subjects were seated so that they maintained an upright, symmetrical, midline position. Subject 1 was seated in a high chair. Subject 2 was seated in his wheelchair, which proVided good trunk and head support.
The subjects were fed applesauce and apple juice during each half-hour feeding session in each phase of the study (i.e., baseline 1, intervention, baseline 2). There were four to six feeding sessions per week, and data were collected in each session. Five days of ini tial baseline data were collected for Subject 1. He was fed \4 cup (60 ml) applesauce and 3 oz (90 ml) apple juice. Initial baseline data for Subject 2 were collected for 10 days. He was fed \4 cup (60 ml) applesauce and 1 oz (30 ml) apple juice.
Treatment took place over a 12-day intervention phase. Before feeding, treatment (Morris, 1977a (Morris, , 1977b Mueller, 1972) , including the application of firm pressure around the lips and inside the mouth in the context of play, was used to reduce tactile hyper sensitivity around the mouth such that jaw control could be tolerated. When the child could tolerate maintained firm touch on the face, he was fed while jaw control was applied, as described by Morris (1977a Morris ( , 1977b and Mueller (1972 Mueller ( , 1974 . The exam iner's thumb provided support under the lower lip, with the middle finger under the chin and the index finger on the side of the face over the cheek. If the child reqUired assistance with lip closure even while receiving jaw control, such closure was stimulated by gently stroking upward on the lower lip and down ward on the upper lip.
The final baseline phase was identical to the ini tial baseline phase. Feeding was done without treat ment, yet saliva and bilabial vocalization data were collected. The final baseline took place over seven sessions for both subjects. Data collection after the half-hour feeding ses sion was the same in each phase of the study. The subject remained in the same position, and the bib was weighed and placed on the subject immediately after feeding. A tape recorder placed out of the sub jeds view was turned on to record vocalizations pro duced for the first 15 min folloWing feeding. During this time, three toys-bubbles, an electronic dog, and a mirror or a book-were presented for 5 min each. These toys are known to typically elicit vocalizations from many children. Following this play period, the subject remained in the same position and was al lowed to select activities that did not interfere with the collection of saliva, such as looking at books or playing with rhythm instruments. One hour after feeding, the bib was reweighed. The dry weight was subtracted from the wet weight and the result was recorded. Bilabial vocalizations produced during the first IS-min period were counted.
Results
The means and standard deviations of saliva weights were computed for each subject (see Table 1 ). The data were analyzed visually and statistically through the use of the celeration line approach. In this approach, a line of progress is drawn across the data points so that further analysis may be done (Ottenbacher, 1986) .
Serial dependency, or autocorrelation, which se riously impedes statistical analysis in single-subject studies, refers to the sequential responses from one person that may be correlated and may not be inde pendent of each response. Such independence is a requirement for further statistical analysis (Otten bacher, 1986) . We tested for the presence of autocor- , The autocorrelation coefficient was computed with Bartlett's chi square test (Ottenbacher, 1986) to evaluate serial dependency, or autocorrelation, which can seriously impede the use of a statistical analysis in a single-subject design. No significant autocorrelation was found for any phase for either subject.
----relation in these data by computing the autocorrela tion coefficient and testing its significance using Bartlett's chi-square test (Ottenbacher, 1986) . No sig nificant autocorrelation was found for any phase for either subject (see Table 1 ). The celeration line approach is used to fit a trend line to the data points within a phase so that the line approximates a best fit of the observed data. The line is adjusted, with the slope kept constant, so that half of the points fall on or above the line and half fall on or below the line. Figures 1 and 2 show the amounts of saliva collected for the subjects during each phase of the study. Although some authorities suggest the use of the median scores to determine placement of the celeration lines (Kazdin, 1982) , the mean scores were used to calculate the celeration lines in the pres ent study because they appeared to be more represen· tative of the data (Bloom & Fischer, 1982 significance was determined through the use of Bloom's probability table (Ottenbacher, 1986) . This is considered the best and most conservative method for the determination of a quantitative index related to client change based on statistical probability when the celeration line method is used (Ottenbacher, 1986) . The results found for Subject 1 support the hy pothesis that treatment that facilitates mouth closure and swallowing will decrease drooling. We could not draw a clear conclusion, however, due to the study's limitations. One limitation was the day-to-day vari ability of drooling that occurred during the initial baseline, resulting in problems in the detection of an accurate trend in the observed behavior. The variables affecting drooling may have been hot weather, iIlness, or the time of the last meal before data collection. The determination and elimination of variables affecting drooling would have resulted in a more accurate baseline.
A floor effect limited the demonstration of a strong treatment effect for Subject 1. Because the ini tial baseline saliva weights were low (Jess than 1 g), the possible decrease in drooling that could be evi-denced during treatment was low. Nevertheless, dur ing the baseline phases, an upward trend in drooling occurred; during the intervention phase, a downward trend occurred.
Subject 1 exhibited sporadic drooling 1 month after the completion of this study, thereby suggesting that the apparent treatment effect of decreased drool ing lasted several days after application but was not permanent. Residual drooling may have been related to lip retraction, which occurred throughout the study but was seen less frequently after the onset of treatment.
For Subject 2, the techniques used to facilitate mouth closure and swallowing decreased drooling more dramatically. The amount of saliva collected on the bib was a function of the presence or absence of treatment. A comparison of the slopes across all phases of the study also support the effects of treat ment. During the baseline phases, an upward trend in drooling occurred; during the intervention phase, a downward trend occurred (although drooling was not completely eliminated). Residual drooling may have been related to such oral motor problems as the tonic bite reflex or jaw and tongue thrusting, which oc curred less frequently after the onset of treatment al though they were present throughout the study.
The subjects' parents reported that dUring the study, drooling had decreased throughout the day and that lip closure on a cup and spoon had improved. They also reported that their children were much more willing to drink from a cup. The examiner's observations confirmed these reports.
The data for Subject 1's bilabial vocalizations were graphed and deSCriptive statistics were calcu lated (see Figure 3) . The mean number of bilabial vocalizations for each phase was as follows: (a) 42.4 (SD= 5.6) for baseline 1, (b) 61.1 (SD= 14.6) for the intervention phase, and (c) 61.5 (SD= 12.2) for base line 2. The celeration line method was used to deter mine the statistical significance of change in re sponse. A steady increase in the number of bilabial vocalizations was observed across the first two phases. Because the increase was steady and did not change after the onset of treatment, we cannot conclude that the intervention alone affected bilabial vocalizations. (The true increase in vocalizations occurring before treatment, however, is difficult to ascertain due to the small number of data points collected.)
Because Subject 2 produced no consonant sounds (bilabial vocalizations), his vowel sounds were counted. The mean number of vowel sounds for each phase was as follows: (a) 27.8 for baseline 1, (b) 47.2 for the intervention phase, and (c) 31.0 for base line 2. The number of vowel sounds produced ap peared to be related to the presence or absence of treatment. This finding suggests that the procedures used in the present study may affect vocalizations, but not necessarily those requiring lip closure.
Discussion
In the present study, the treatment used to decrease tactile hypersensitivity and increase lip and jaw clo sure as described by Morris (l977a, 1977b) and Mueller (1972 Mueller ( , 1974 was significantly effective for decreasing drooling in Subject 2. Although a decrease in drooling occurred in Subject 1, it could not be considered significant due to the study's limitations. The treatment had no apparent effect on the number of bilabial vocalizations (consonant sounds) pro duced by these children, but the number of vowel sounds produced by Subject 2 appeared to be related to the presence or absence of treatment.
The ll-year-old studied by Ray et al. (1983) re ceived similar treatment to decrease drooling but did not require treatment for tactile hypersensitivity. His drooling decreased significantly, as determined by the celeration line method of trend estimation. The mean amount of saliva collected from Ray et al.'s sub ject was 4.8 g during the baseline phase and 3.5 g during the intervention phase, thus yielding a de crease of 1.3 g (27%). The mean values of saliva col lected for Subject 2 in the present study were compa-rable to those of Ray et al.'s (1983) subject: 4.61 g during the baseline phase and 2.25 g dUring the in tervention phase, thus yielding a decrease of 2.36 g (51 %). These results may indicate that treatment for drooling may be more effective for younger children with severe oral motor problems. Note also that the apparent treatment effect of decreased drooling oc curred just after the onset of treatment for the 2-year olds used in the present study, whereas the treatment effect for the 11-year-old studied by Ray et al. (1983) occurred after several treatments.
Although the results of the present study suggest that the facilitation of mouth closure can be effective in decreasing drooling, the success of this technique cannot be generalized because this was a Single-sub ject study on 2 subjects. Group designs or multiple baseline studies are needed to provide data for a more complete statistical analysis. Research requiring a longer final baseline phase would help document how prolonged the effect of 12 treatments might be; a longer treatment phase may be needed to produce long-term change. The development of an improved method for the collection of vocalization data would help researchers determine the effect of oral motor treatment on vocalization. &
